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(54) Method to select attenuated paramyxoviridae useful for vaccines and therapeutics 



(57) The present Invention relates to a method using 
the cellular interferon-mediated antiviral response to se- 
lect attenuated Paramyxoviridae. The invention also re- 



lates to a method to select viral nucleic acid sequence 
encoding for a mutated non-structural protein that is 
useful to produce an attenuated virus. The use of atten- 
uated virus to develop vaccine is also described. 
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Description 

[0001] Th8 present invention relates to a method us- 
ing the cellular interf eron-mediaied antiviral response to 
select attenuated Paramyxoviridac. The invention also 
relates to a method to select viral nucleic acid sequence 
encoding for a rnutated non-structural protein that is 
useful to produce an attenuated virus. The invention al- 
so relates to the use of such attenuated viruses for vac- 
cine applications. 

[0002] Interferons (iFNs) are a family of cytokines 
originally identified by their ability to confer cellular re- 
sistance against viral infection (14), and which are also 
involved in call growth regulation and immune activation 
(30,33). Infection of celts with a wide variety ot viruses 
directly induces the transcription and synthesis of some 
IFNs (e.g.. lFN-a4and IFN))(24.34). These iFNs are se- 
creted and interact with const it utively expressed cell 
surface receptors Jn an autocrine or paracrine manner, 
transducing signals via the JAK-STAT pathway to acti- 
vate >50 IFN-stimuIated genes (ISGs), which include 
the type I IFNs (6). Some of these ISGs are responsible 
for the versatile biological effect of IFNs, including their 
anti-viral activity. In addition to establishing an anti -viral 
stale in uninfected ceils, the IFN system also helps elim- 
inate virally infected cells (38). The IFN system is thus 
thought to be essential for the survival of higher verte- 
brates, because it provides an early line of defense, 
days before the onset of the specific immune response 
(33). 

[0003] Sendai virus (SeV), a model paramyxovirus 
routinely used to induce types I IFN in cell culture, is a 
naturally occurring respiratory pathogen of laboratory 
mice (1 5). SeV strains exist which differ markedly in their 
pathogenicity for mice, but the determinants of their vir- 
ulence are largely unknown. Our reference SeV strain 
Z was originally isolated in the early 1 9SOs in Japan, and 
adapted to grow in embryonaied hen's eggs. This adap- 
tation and continuous passage in eggs undoubtedly re- 
duces its vinjience for mice, as the LD50 of SeV2 is ca. 
6 X 1 03. whereas that of the more recently isolated Chita 
■field" strain (from a lethal animal house epidemk: and 
which was passaged only in mice (SeV*^)) is ca. 4 x 10^ 
(16). SeV/M, however, grows poorly ircell culture, and its 
adaptation for growth in LLC-MK2 (monkey kidney cells 
led to virus clones that exhibited various degrees of re- 
ducec pathogenicity for mice. One of these clones. 
MVCll (SeVMVC) appeared to be totally avirulent (LDSO 
of >8 X IQS i.e.. none of the mice died a the highest 
possible dose). 

(0004] Remarkably, SeV^vc contained only two ami- 
no acid substitutions relative to the parental SeV/w, 
namely. Ft 70S in the C proteins, anc E2050A in the L 
protein (fig. 1) (16). These two mutations presumably 
account (or the relative inability of SaV*^^*^ to replicate 
in the mouse respiratory tract and cause senous dis- 
ease. In a previous study, we partially examined which 
of the two substitutions was responsible for the above 



phenotypes. by exchanging the C gene of SeV^ with that 
or itself. SeVM, or SeV^^c njrn (generating rSeV^- 
CZ rSeV^-C!^. and rSaVZ-C^^^ respectively, fig.l) 
(1 2). Wild-type rSeV^-C^ (recovered from ONA) has the 

s same virulence for mice as the natural Z virus (LDSO ol 
ca. 5 X 1 0^), and the replacement of the resident gene 
with that of strain M did not affect this virulence. Re- 
placement of the resident gene with c^^^ in two in- 
dependently isolated rSeV. however, increased the 

10 LD50 of rSeV2-CMVC ^y >2 logs, such that they were 
now as avirulent as SeV^^vc /^^ lYye only known differ- 
ence between rSeV^-C" and rSeV^-C^vc jg CF^ "os 
mutation, the normal function of the C proteins appears 
to be required for virulence in mice. The wild-type SaV 

IS c proteins are also known to act as promoter-specific 
inhibitors of viral RNA synthesis (1.29.32). The C^'^os 
mutation is similarly associated with the loss of this func- 
tion, and is at least partially responsible for the en- 
hanced replication of these viruses in MK2 calls. 

20 [OOOS] Although rSeV^-cwvc avirulent. it ap- 
peared to grow normally in the mouse respiratory tract 
during the first day ot the infection However, 'jvhereas 
virus titers in rSeV/Z-C*^ or rSaV^^-intected mice lungs 
increased daily for ca. 5 days, virus titers in rSeV^C'^ 

25 vc.jnfQcted mice increased only during the first day. and 
rScV2-c*^vc quickly cleared from the lungs 

(12). A similar early restriction of the mouse infection 
was found for rSeV which specifically cannot express 
their AUQii^-initiated C protein (22). or which cannot 

30 edit their P gene mflNA and therefore do not express 
their V proteins (7.3.19). The rapidity of the host anti- 
viral response in immunologically naive mice in limiting 
the ensuing mutant SeV infections suggested that some 
aspect of host innate immunity might be involved, pre- 

-35 sumably due to the loss of V and C protein function. In 
this view, one function of the SeV C and V proteins would 
be to modulate the innate immune response, to sustain 
multiple cycles of virus replication in the mouse respira- 
tory tract (19). In this invention, the inventors report that 

^ the SeV C proteins play a role in counteracting the IFN- 
mediated cellular anti-viral response. 
[0006] In one aspect, the invention features a method 
for selecting attenuated virus wherein the genome of 
said virus contains at least one mutation compared to a 

•*S wild type virus genome in at least one non-structural pro- 
tein encoding gene, said method comprising the steps 
of (1) infecting a eukaryotic host cell with said mutated 
virus, said host cell being permissive to said virus, (2) 
deiemnining the host cell anti-viral response mediated 

50 by interferon lo the viral infection. (3) selecting said virus 
that induce said interferon mediated response that is 
higher than the interferon -mediated anti-viral response 
developed by a host cell infected by said wild-type virus. 
[0007] In an other aspect, the invention features a 

55 method for selecting attenuated virus wherein the ge- 
nome of said virus contains at least one mutation com- 
pared to the wild type virus in at least one non-structural 
protein encoding gene, said method comprising the 
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Steps of (1) transfecting a host cell with said genome, 
said host cell having all the elements required to repli- 
cate and transcribe the mutated genome and to facul- 
tatively regenerate viral panicles. (2) determining the 
host cell antiviral response mediated by inierteron. (3) 
selecting said virus whose genome induce said antiviral 
response that is higher than the inierferon-mediated an- 
tiviral response developed by a wild-type virus genome. 
[0008] In an other prefered aspect, the invention fea- 
tures a method for selecting a nucleic acid sequence 
encoding for a mutated non-structural protein of a virus, 
wherein said protein is conferring to the virus an atten- 
uated phenotype. said method comprising the steps of 
(1) transfecting a host eel! with said nucJeic acid se- 
quence, said host cell having all the elements required 
to express said non-structural protein, (2) measuring the 
host cell interferon mediated response, (3) selecting 
said nucleic acid sequence that induce said response 
that is higher than the interferon mediated response of 
a host cell transfected with a wild-type nucleic acid se- 
quence coding the non-siructijral protein. 
[0009] For a given virus, wild type means a strain pre- 
senting phenotypic features common to the majority of 
the strains that can be isolated in the nature. A wild-type 
virus is according to the invention a naturally occuring 
virus that possess a mechanism for countering or mini- 
mizing the host call IFN-induced antiviral response. An 
attenuated virus of the invention is a vinjs that do not 
possess a mechanism for countering or minimizing the 
host cell I FN-induced antiviral response as strong as the 
one of the wild type virus. 

[0010] Host cell means cell that can be infected by the 
virus of the invention. A pemnissive host cell is a cell that 
allows the virus to multiply and to produce new virions. 
[0011] As used herein, the terms ' nucleic acid se- 
quence " refer to a polynucleotide sequence such as a 
single or double stranded ONA or RNA sequence, or 
transcription products obtained from said ON A ; such a 
polynucleotide sequence has been isolated or synthe- 
sised and may be constituted with natural or non natural 
nucleotides. The term " gene * refers also to the nucleic 
acid sequence that encodes for a protein or a peptide. 
The nucleic acid sequence of the invention is faculta- 
tively in a vector suitable for expression of nucleic acid. 
The nucleic acid sequence In a vector can be in host 
suitable for expressing the nucleic acid sequence. A ' 
vector is a replicon in which another polynucleotide seg- 
ment is attached, so as to bring the replication and/or 
expression to the attached segment. The vector can 
contain genes conferring for exemple either tetracy- 
cline, gentamicin. hygromycin or methotrexate resist- 
ance for use as selectable markers. 
[0012] •* Elements required for the expression - refers 
to the polynucleotide sequences which are necessary 
to effect the expression of coding sequences to which 
they are ligaied. The nature of such control sequences 
differs depending upon the host organism ; in eukaryo- 
les. generally, such control sequences include promot- 



er, enhancer, polyadenytation sequences and transcrip- 
tion termination sequence. The term " elements required 
for the expression ' is intended to include, at the mini- 
mum, alt components whose presence is necessary for 

5 expression, and may also include additional compo- 
nents whose presence Is advantageous. The vectors 
containing the nucleic acid sequence of interest can be 
tranferred into the host cell by well-known methods, 
which vary depending on the type of the cellular host. 

JO For exemple, calcium phosphate, electroporation and 
lipofection may be used. These expression vectors are 
typically replicable in the host cells either as episomes 
or as integral part of the host chromosomal DNA. 
(0013] The invention features a method ^jvherain said 

^5 virus belongs to the group of negative single strand RNA 
enveloped virus, said negative single strand RNA en- 
veloped virus is selected in the group consisting of Par- 
amyxoviridae. Orthomyxovtridae, Rhabdoviridae, Bun- 
yaviridae. Arenaviridae 

20 [Q014] The invention also features a method wherein 
sakJ Paramyxoviridae is selected in the group consisting 
of Newcastle disease virus, measles virus, mumps vi- 
rus, human respiratory syncitial virus (hRSV), bovine 
respiratory syncytial virus (bRSV), human para-influen- 

2S za virus types 1. 2. 3, 4a and 4b (h-PIV). bovine para- 
influenza virus type 3 (b-PIV). hendra virus, canine dis- 
temper virus, rinderpest virus, simian virus 5, Sendai" vi- 
rus. 

[001 S] In a preferred embodiment, the invention fea- 
30 tures a method wherein said gene is selected in the 
group consisting of paramyxovirus protein C and C en- 
coding genes, morbilivirus C gene, rubulavirus NS 
genes, pneumovirus NS genes, W gene of Newcastle 
disease virus. 

35 [0016] In an other embodiment, the invention relates 
to a method wherein said Paramyxoviridae protein C en- 
coding gene is selected In the group consisting of hu- 
man para-influenza virus type 1 C genes, human para- 
influenza virus type 3 C genes, measles virus C gene. 

*«> canine distemper vinjs C gene, rinderpest virus C gene, 
hendra virus C genes, Sendai virus C genes. The inven- 
tion also relates to a method wherein said Paramyxo- 
viridae NS gene is selected in the group consisting of 
human respiratory syncytial virus NS1 gene, bovine res- 
piratory syncytial virus NSl gene, mumps virus NS2 
gene, simian virus 5 NS2 gene, human para-influenza 
type 2 NS2 gene, human para-influenza type 4a NS2 
gene, human para -influenza type 4b NS2 gene, human 
respiratory syncytial virus NS2 gene, bovine respiratory 

^0 syncytial virus NS2 gene. 

[0017] In an other aspect, the invention features a 
method wherein said mutation into said gene is a sub- 
stitution, a deletion or an addition; the mutation of said 
gene introduces at least one amino-acid change in the 
non-structural protein. The mutation into the viral ge- 
nome or in the nucleic acid sequence is selected in a 
group consisting of naturally occurring mutation, genet- 
ically engineered mutation, chemically induced muta- 
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tion. physically induced mutation. In a prefered ennbcd- 
inriGni the mutation is induced by a chennical treatment 
with 5-riuorouracile. In an other embodiment, the mu- 
tation can be induced by a physical treatment such as 
gamma-. UV-or X-ray irradiation. 
[0018] Nucleic acid sequence of the invention encod- 
ing for a mutated non-structural protein can be prepared 
by the techniques known in the art. For example, it may 
include the recombinant ON A techniques and among 
others, site directed mutagenesis or random mutagen- 
esis of DNA sequence which encodes said non-struc- 
tural protein or a particular domain or region of said pro- 
tain. 

(0019] Site-directed mutagenesis of nucleic acid se- 
quence encoding the non -structural protein of the inven- 
tion can be used to introduce mutation in the said nucleic 
acid sequence by methods known in the art. Such meth- 
ods may. among others, include polymerase chain re- 
action (PGR) with oligonucleotide primers bearing one 
or more mutations (Ho dt at, 1989 Gene 77 : 51-59) or 
total synthesis of mutated genes (Hostomsky Z. at ai 
1989 Biochem. Siophys. Res. Comm 161 :1056-1C63). 
These methods can be used to create variants which 
include, e.g.. deletions, insertions or substitutions of 
residues of the known amino acids sequence of the non- 
structural protein of the invention. PGR mutagenesis us- 
ing reduced Taq polymerase fidelity can also be used to 
introduce random mutations into a cloned fragment of 
DNA (Leung etaL, 1989 technique 1 :11-1S). The pool 
of amplified DNA fragments are inserted into appropri- 
ate cloning and/or expression vectors to provide random 
mutant librairies. The mutants DNA fragment is then 
tested in the method of the invention to select the DNA 
fragment that encodes for a mutated non-structural pro- 
tein that is confering an attenuated phenotype to the vi- 
rus. Random mutagenesis can also be performed ac- 
cording to the method of Mayers at a/. (1985. Science 
229 :242). This technique includes generations of mu- 
tations, e.g.. by chemical treatment or irradiation of sin- 
gle-strand DNA in vitro, and synthesis of a complemen- 
tary DNA strand. The mutation frequency can be mod- 
ulated by modulating the severity of the treatment, and 
essentially all possible substitutions can be obtained. 
[0020] The invention features a method wherein the 
host cell response mediated by interferon is determined 
by at least one of the following means (1) measure of 
the level of transcription of a gene, the transcription of 
which is inducible by interferon, (2) measure of expres- 
sion of a protein, the expression of which is inducible by 
interferon. (3) measure of the viral proliferation. The 
above gene is composed of (i) a promoter containing at 
least one functional interferon stimulated response ele- 
ment (IRSE). said promoter being selected in the group 
consisting of the genes involved in interferon signal 
transduction pathway, more particularly the iFN-induci- 
ble gene 9-27, and (ii) a coding sequence selected in a 
group consisting of a coding sequence naturally under 
the control of a promoter according to a) and a sequence 



encoding for a reporter gene; the promoter being oper- 
ably linked to the coding sequence. 
[0021] The methods for measuring the level of tran- 
scription of a gene or the level of expression of a protein 

5 are well known to the man skilled in the art (sec Sam- 
brook, J., Fritsch. E.F., and Maniatis (1989), T. Sec, Ed. 
Cold Spring Harbor Lab.. Cold Spring Harbor. New 
York). For exemple. when the reporter gene is the luci- 
ferase gene, the level of protein expressed can be 

10 measured using "luciferase assay system" (Promega) 
according to the manufacturers instructions; this kit per- 
mits analysis of luciferase activity in cell extract. 
[0022] A " coding sequence ' is a polynucleotide se- 
quence which is translated into a polypeptide, usually 

IS via mRNA. when placed under the control of appropriate 
regulatory sequences. The boundaries of the coding se- 
quence are determined by a translation start codcn at 
the S'-terminus and a translation stop codon at the 3*- 
terminus. A coding sequence can include, but ts not llm- 

20 ited to, cDNA. and recombinant polynucleotide se- 
quences. 

[0023] " Operably linked ' refers to a juxtaposition 
wherein the components so described are in a relation- 
ship permitting them to function in their intended man- 
25 ner. A promoter • operably linked " to a coding sequence 
is ligated in such a way that expression of the coding 
sequence is achieved under conditions compatible with 
the promoter. 

[0024] In an other aspect, the invention features a 

20 method wherein said reporter gene is selected in the 
group consisting of genes coding for enzymes such as 
luciferase, 0-gaJactosidase. alkaline-phosphatasc. glu- 
cose-oxydase and genes coding for luminescent pro- 
teins such as the green fluorescent protein (GFP). The 

^ ' reporter gene " of the invention is coding for a peptide 
which by its chemical nature, has an analytically identi- 
fiable characteristic or provides directly or indirectly an 
analytically identifiable signal which allows the determi- 
nation or measure of the level of transcription of a gene 

-*o or the reporter gene. In the present invention, the level 
of transcription of a reporter gene encoding for a report- 
er molecule or the level of expression of a reporter mol- 
ecule reflects the ability of a non-structural protein of the 
invention to counteract the IFN-mediated cellular anti- 

^5 viral response. 

[0025] Among commonly used peptides encoding by 
the reporter gene of the invention are enzymes that arc 
preferably horseradish peroxidase, glucose oxidase, p- 
galactosidase. alkaline-phosphatase and luciferase. 

50 among others. In a preferred embodiment, the luci- 
ferase gene is used. The substrate to be used with the 
specific enzymes are generally chosen for the produc- 
tion, upon hydrolysis by the corresponding enzyme, of 
a detectable colour change. Substrate can be soluble 

55 or insoluble, added into the culture medium or in the or- 
ganism, or present into the host cell, depending upon 
the chosen method. For example. S-bromo-4-chloro- 
3-indoyl phosphate/niiroblue tetrazolium is suitable for 
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use with alkaline phosphatase conjugates ; for peroxi- 
dase conjugates. l,2-phenylenediamine-5-anninosali- 
cylic acid, 3.3,5.5. -tetramethylbenzidine, tolidine or di- 
anistdine are commonly used. 

[0026] According to another aspect of the invention, 
the host cell is selected in a group consisting of a cell 
that is part of a living animal or a eukaryotic cell that is 
cultured in vitro. In a preferred embodiment, the living 
animal is a rodent and more preferably a mouse. " host 
cells ' or " cells ' denote, for example, insects cells and 
mammalian cells that can be, or have been, used as re- 
cipients for virus, viral genome, recombinant vector, or 
other transfer nucleic acid sequences and include the 
progeny of the original call which has been either infect- 
ed by the virus or transformed with nucleic acid se- 
quences, viral genome or recombinant vector Exam- 
ples for mammalian cells include murine BF cells, hu- 
man IVIRC5 cells. Mammalian cells permit the expres- 
sion of the non-structural protein of the invention in an 
environment that favours imponant post-translaitonal 
modifications such as folding and cysteine pairing, ad- 
dition of complex carbohydrate structures. 
[0027] In a preferred embodiment, the invention re- 
lates to a method wherein interferon is further added to 
the culture medium of host cells. While host cell is part 
of a living animal, interferon can be administrated to the 
animal by techniques known by a man skilled in the art. 
preferably by intravenous, intramuscularly or intrader- 
mal injection. According to another aspect of the inven- 
tion, interferon is naturally produced either by other cells 
of the living animal, or by the host cell o1 the living ani- 
mal. In an other preferred embodiment, the host cell is 
in vitro cultured, the interferon being either produced 
naturally by the host cell, or the interferon being pro- 
duced by a host cell that has been genetically engi- 
neered to produce interferon/ According to the inven- 
tion, the term interferon (IFN) means all types of IFN (i. 
e. IFNoc IFNp, IFNy) and eventually their isotypes. 
[0028] The invention also features a method wherein 
said nucleic acid sequence is cloned into a recombinant 
expression vector that contains all the elements re- 
quired for the expression of said non-structural protein. 
The vector can eventually contain the elements neces- 
sary for its replication. In a preferred embodiment, the 
vector is a pTM- 1 vector that carries T7 polymerase pro- 
moter and an encephalomyocarditis virus internal nbos- 
omal entry site (EMCV IRES). The host cell contains all 
the elements required to express the nucleic acid se- 
quence of the invention; these elements are either nat- 
urally present in the host call or they are genetically en- 
gineered to contain these elements. In a preferred em- 
bodiment, an expression vector encoding for a 
T7 -polymerase under the control of a cytomegalovirus 
(or others) eukaryotic promoter is co-iransfected with 
the pTM-l vector of the invention to ensure the tran- 
scription and the expression of the nucleic acid se- 
quence of the invention. 

[0029] The invention also relates to a kit for determin- 



ing the host cell response mediated by interferon com- 
prising at least a nucleic acid construct containing (1) a 
promoter sequence containing at least one functional in- 
terferon stimulated response element (IRSc). said pro- 

5 moter being selected in the group consisting of the 
genes involved in interferon signal transduction path- 
way, more particularly the IFNI-inducibte gene 9-27 : (2) 
a coding sequence selected from a group consisting of 
a coding sequence naturally under the control of a pro- 

JO moter according to a) and a sequence encoding for a 
reporter gene. In an other embodiment, the invention re- 
lates to a kit further comprising a host cell selected in 
the group consisting of a murine cell, particularly 8F 
calls, and a human cell, particularly MRC5 cells. 

'5 [0030] The invention features a method to identify a 
mutation able to confer an attenuated phenotype to a 
virus wherein said method is comprising the following 
steps: (1) sequencing said gene encoding said non- 
structural protein of an attenuated virus selected by the 
20 method of the invention, or sequencing said nucleic acid 
sequence encoding for a mutated non-structural protein 
selected by the method of the invention. (2) comparing 
the sequence of a wild type virus to the sequence ob- 
tained in (1 ). and (3) identifying the mutation or the mu- 
25 rations. 

[0031] The invention further comprises a method for 
the production of an attenuated virus comprising the 
step of introducing in the genome of a virus at least one 
mutation identified by the method of the invention. 

oo [0032] In an other aspect, the invention features an 
attenuated virus obtainable by the method of the inven- 
tion; the invention also features the use of such an at- 
tenuated virus as a drug, particularly as a vaccine for 
the prophylactic and/or therapeutic treatment of viral tn- 

^ fection. In an other aspect, the invention features the 
use of such an attenuated virus as a delivering vehicle 
for genes encoding proteins of vaccine interest other 
than those of the virus itself, particularly to generate bi- 
valent or multivalent vaccines to treat or prevent human 

^ or veterinary diseases caused by infectious pathogens, 
specifically vinjses. bacteria and parasites. The inven- 
tion also features the use of an attenuated virus of the 
invention as a delivering vehicle for genes encoding pro- 
teins of vaccine interest other than those of the virus 
itself, particularly to generate vaccines to treat or pre- 
vent human or veterinary non-infectious diseases, spe- 
cifically cancer and auto-immune diseases. 
[0033] The vaccine of the invention is an immunogen- 
ic, or otherwise capable of eliciting protection against 

50 the virus, composition useful for treatment of an 
individual ; according to the invention, an individual in- 
dicates an animal thai is susceptible to infection by the 
virus, more particularly a member of the Paramyxoviri- 
dae. and includes, but is not limited to.' dogs. cats. mice. 

55 rats, rabbits, sheep, goats, pigs, cattle. . primates, in- 
cluding humans. These vaccines may either be prophy- 
lactic (to prevent infection) or therapeutic (to treat dis- 
ease after infection). Such vaccines comprises the at- 
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tenuated virus of the invention alone, or in combination 
with " pharmacauticaily acceptable carriers', which in- 
duce any carrier that does not itself induce the produc- 
tion of antibodies harmful to the individual receiving the 
composition. Suitable carriers are typically large, slowly s 
metabolized macromolecules such as proteins, 
polysaccharides, polylactic acids, polyglycolic acids, 
polymeric amino acids, amino acid copolymers, lipid ag- 
gregates (such as oil droplets or liposomes), and inac- 
tive virus particle. Such carriers are well known to those 
of ordinary skill in the art.. Additionally, such carriers may 
function as immunostimulating agents also called " ad- 
juvants ■ ; preferred adjuvants to enhance effectiveness 
of the composition include, but are not limited to : ( 1 ) 
aluminium salts (alum), such as aluminium hydroxyde. ts 
aluminium phosphate, aluminium sulphate, etc.. ; (2)oil- 
in-water emulsion formulations, such as for example 
MF59 (Wp 90/14 837). SAP, Ribi™ adjuvant system 
(Ribi Immunochem, Hamilton, MT USA) : (3) saponin 
adjuvants ; (4) complete Freunds adjuvant (CFA) and so 
incomplete Freunds adjuvant (I FA) ; (5) cytokines such 
as interleukines (11-1. n-2. etc.). macrophage colony 
stimulating factor (M-CSF). tumor necrosis factor (TNF) 
etc... ; (6) other substances that act as stimulating 
agents to enhance the effectiveness of the composition. 2S 
[0034] The vaccines are conventionally administered 
parenterally. e.g., by infection, either subcutaneously or 
intramuscularly Additional formulations suitable for oth- 
er modes of administration include oral, intranasal, and 
pulmonary formulations, suppositories, and transder- 30 
mai applications. Oral, intranasal and pulmonary formu- 
lations are most preferred for the attenuated paramyxo- 
viruses. Dosage treatment may be single dose schedule 
or a multiple dose schedule. The vaccine may be ad- 
ministered in conjunction with other immunoregulatory 35 
agents. 

[0035] The invention also features the use of an at- 
tenuated virus of the invention as a delivering vehicle 
for gene therapy. . 

[0036] In an other aspect, the invention features the 
nucleic acid sequence obtainable by the method of the 
invention. The invention also relates to the use of such 
nucleic acid sequence to produce an attenuated virus. 
[0037] The invention also relates to the non-structural 
protein encoded by the nucleic acid sequence of the in- -ts 
vention. 

[0038] The figures and exemples presented below arc 
provided as further guide to the practitioner of ordinary 
skill in the an and arc not to be construed as limiting the 
invention in anyway. so 
[0039] Figure 1 : The genotypes of the various SeV 
examined in this study are represented as rectangles 
on the left, in which ihe linear array of genes (not drawn 
to scale) are shown as boxes. The relative positions of 
the C and V ORFs. which overlap the P ORF. are also ss 
indicated. M strain sequences are colored while, Z strain 
sequences are gray, and H strain sequences are 
hatched. These rSe viruses all carry a tagged N gene. 



in which this protein migrates differently on SOS-PAGE 
than that of strain 2. to distinguish these viruses from 
natural SeV^. The amino acids at positions 1 70 of the C 
gene, and 20S0 of the L gene, are shown below the ge- 
nomes. The phenotypes of these virus infections of mice 
(LDso) are taken from ref. 1 2 and 16. Those of BF cells; 
the ability of VSV to replicate following a period of SeV 
infection (a), to prevent IFN from establishing an antivi- 
ral state (b). and the resulting intracellular levels of the 
Stati proteins (c). were determined in this study. 
[0040] Rgure 2 : Parallel cultures of BF cells were 
treated (or not) with 100 U of recombinant IFN-p. infect- 
ed 24h later with 1 0-20 pf u/cell of either Se VM or SeVM- 
VC. and then superinfected with 50 pf u/cell of VSV at 
48h post -SeV infection, as indicated. Lanes 3,4. and 
5.6. represent independent duplicate infections. All cul- 
tures were han/ested at S3 hpi, cytoplasmic extracts 
were prepared, and equal samples (2% of 10 cm dish) 
were; a) separated by SDS-PAGE and immunobloned 
with a mixture of antl-SeV P and anti-SeV N antibodies 
(panels A & B), or a mixture of anti-VSV P and anti-actin 
antibodies (panels £ 4 F), and b) 10% of a 10 cm dish 
was used to isolate total RNA and the relative amounts 
of genome RNA present were determined by primer ex- 
tension. 

[0041] SeV N' indicates a natural breakdown product 
of the N protein. A time line of the experiment is shown 
above. 

[0042] Figure 3 : Parallel cultures of BF cells were 
treated (or not) with 100 U of IFN-{3, and infected at the 
same time with 10-20 pfu/cell of either rSeV^-C^ (2), 
SeVM (M). SeVMVC (MVC). rSeV^-C*^ (rfvl). or rSeV^- 
CMvc (rMVC). and then superinfected with 50 pfu/cell of 
VSV at SOh post-SeV infection, as indicated above. All 
cultures were harvested at 55 hpi. cytoplasmic extracts 
were prepared, and equal samples (2% of a dish) were 
separated by SOS-PAGE and immunobiotted with a 
mixture of anti-VSV P. ami-Siail , and anti-actin antibod- 
ies (top panel), or a mixture of anti-SeV P and anti-SeV 
N antibodies {bottom panel). A time fine of the experi- 
ment is shown above. 

[0043] Figure 4A : The three ORFs expressed as 
protein (P. C, and.V) are shown as horizontal boxes, 
drawn roughly to scale (above). A blow-up of the 5' end 
of the mRNA is shown in the middle, and the five ribos- 
omal start sites in this region are indicated. The muta- 
tions used to eliminate expression from the Cprime and 
C protein start codons are shown. Numbers refer to po- 
sitions from the 5' and of the mRNA, and to the first base 
of the start codon. 

[0044] Figure 48 : Parallel cultures of BF cells were 
treated (or not) with 100 U of IFN-(3. and infected at the 
same time with 5 pfu/cell of either rSeV^C^ (rZ. lanes 
1.2). rSeVZ-CM (rM. lanes 3,4), rSeV^-C^^C (rMVC. 
lanes 5,8). rSeVZ-(C-minus| (C-. lanes 7.3), rSeV^-(C'- 
minusj (C-. lanes 9. lO) or rSeV^-C'/C-minus) (dm. dou- 
ble mutant, lanes n.l2). The cultures were then super- 
infected with 50 pfu/cell of VSV at 5Ch post-SeV infec- 
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tion, as indicated above. All cultures were harvested at 
55 hpi. Cytoplasmic extracts were prepared, and equal 
samples (2% of a dish) were separated by SDS-PAGE 
and immunoblotted with a mixture of anti-VSV P. anti- 
Stan, and anti-actin antibodies (panel A), a mixture of s 
anti-SeV P and anii-SeV N antibodies (panel B). or an- 
tibodies to the SeVC protein (panel C). In panel C. note 
that the dVt proteins (lanes 3.4) migrate slightly slower 
than the proteins (lanes 1.2. and 7-10). even though 
they are of the same length. The C^vc (lanes 5.6) and io 
Cdm proteins (lanes n. 12) are not detected in these 
samples because these viruses grow relatively poorly 
in 3F cells (panel 8). A time line of the experiment is 
shown above. 

[0045] Figure 5 : Four independently generated rSe- JS 
V^-cMvc stocks, two of which continued to gi-ow poorly 
in eggs (MVC. 119 and MVC.9.9, lanes 3 and 4). and two 
of which began to grow normally in eggs (MVC. 118 and 
MVC. 1 .3. lanes 2 and 7), along with two stocks of rSeV^- 
C^ (lanes l and 5) and one of rSeV^-cw (Ml .3. lane 6). zo 
at the egg passage levels indicated, were used to infect 
BF cultures at a m.o.i. of 10-20. The cultures were su- 
perinfected with VS V at 50h post-Se V infection, and the 
relative amounts of VSV P protein intracellutarty at 55 
hpi was determined by immunob lotting (Panel A). RNA 25 
was isolated from these allantoic fluid stocks, and 1 237 
bp of the relevant region of the viral genome (T/C2354) 
was amplified by FTT/PCR as shown below. The PCR 
product 'A/as digested with Xmn I. separated on an aga- 
rose gel. and stained with ethidium bromide (panel B). 30 

EXEfWPLES : 

Exemple 1 : materials and methods 

3S 

1.1. SeV stocks and infection 

[0046] The generation of rSeV expressing alternate C 
(and P) proteins has been described (11. 12. 13. 22.). 
All SeV stocks were grown In the allantoic cavity of 
lO-day-old embryonated chicken eggs. Virus from allan- 
toic fluid stocks were analyzed by SDS polyacrylamlda 
gel electrophoresis and Coomassie blue staining after 
pelleting, and titers were determined by piaquing in LLC- 
MK2 cells. 45 
[0047] The VSV stock (Mudd-Summers. Indiana) was 
grown in 3HK cells. Vtrus released into the culture me- 
dium was cJarified by centrifugation at 10.000 X g to re- 
move cell debris, and the titer was determined by plagu- 
ing In LLC-MK2 calls. Experiments were performed by 50 
infecting (7 X 10^) mouse BF ceils (36) with various SeV 
stocks at a multiplicity of infection (MOI) of 10-20 in a 
total volume of 3 ml of MEM plus 3% FCS. in the pres- 
ence or absence of tOO U/ml of recomtainant mouse (- 
Interferon (Calbiochem). At different times post-infec- ss 
tion, cells were superinfected with VSV at a MCI of 50. 
Five hours later, ceils were harvested. lysed in TNE plus 
0.5 % NP.40. Proteins were analysed by immunoblot- 



ting. RNA was extracted with triazol (Gibco) and ana- 
lysed by primer extension. 

1.2. Immunoblotting 

[0048] Proteins were separated by SOS-PAGE and 
tranferred to immobilon-P membranes by semi-dry 
transfer. The primary antibody antibodies used includ- 
ed: 

a rabbit polyclonal antiserum to VSV P protein (pro- 
vided by J. Perrault and D. Summers), 
a rabbit polyclonal antiserum to SeV P protein iso- 
lated from a SDS gel (anti-PSDS, provided by L 
Roux). 

a mouse rrionoclonal Ab to SeV N (N 877 (27)). 
a mouse monoclonal Ab to Slati (C-terminus) 
(Transduction laboratories, S21120), 
a rabbit polyclonal antiserum to actin (provided by 
G. Gabbiani, Geneva), 

a rabbit polyclonal antiserum to SeV C protein (pro- 
vided by Y. Nagai. Tokyo). 

[0049] The secondary antibodies used were AP-con- 
jugated goat antibodies specific for either rabbit or 
mouse IgG (Biorad). The immobilized proteins were de- 
tected by light enhanced chemiluminescence (Biorad) 
and quantified using the Biorad fluor-S muitimager. 

1.3, Primer extension 

[OOSO] Total intracellular RNA was isolated with Tria- 
zol and the genomes present were analyzed by primer 
extension, using MMLV reverse transcriptase and 
200,000 cpm of 32P-5*-GAAGCTCCGCGGTACC-3'. 
nucleotides 15,270-15.285. which had been purified on 
a sequencing gel. 

Exempfe 2 

[00S1] As mentioned above, SeV^vc was selected for 
its ability to replicate more efficiently than SeV^ in LLC- 
MK2 cells, and it was found to accumulate ca. 20-foId 
more viral protein and mRNA than SeVW-infected cells 
(16, and data not shown), fn BF cells, a celt line that is 
fully I FN -competent (i.e.. secretes IFN in response to a 
viral infection, and responds to IFN by establishing an 
anti-viral state (36)). however. SeV*^ actually grows 
slightly better (3 to 5-fold) than SeV^^c as estimated 
by the intracellular levels of viral proteins or genomes 
(lanes l. 3, 4. fig 2A-0). To examine whether IFN might 
be involved in this reversed M/MVC replication efficien- 
cy, parallel BF cultures were pretreaied with lOOU of 
IFN-p (or 24 h prior to SeV infection, and the accumula- 
tion of viral proteins and genomes was determined. 
SeVMvc ,^as found to be highly iFN-sensitive, as IFN 
pretreaimeni reduced the accumulation of viral products 
>20-fold. (lanes 2. 5 & 6. fig 2B and 0). SeV^. in con- 
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trast. was clearly less sensitive, as I FN preireaiment re- 
duced the accumulation of viral products <5-fold (lanes 
2. 5 & 6. fig 2A and C). 

[0052] If endogenously generated I FN is involved in 
the reversed M/MVC replication efficiency in BF cells, 
infection with SeV^vc should induce a general anti-viral 
state more strongly during [his infection than infection 
with SeV". The rhabdovlrus VSV is highly IFN-sensi- 
tive. and its inability to grow in cell culture is considered 
as a reliable indicator of this state. Some BF cultures 
were therefore pretreated with IFN-(} for 24 h prior to M/ 
iVlVC infection, and then superinfected with VSV at 48 
hpi. We found that 48h of SeV^^c infection were suffi- 
cient to prevent VSV proteins from accumulating during 
the VSV superinfection, even when these cultures had 
not been pretreated with IFN (lanes 3-6. fig 2F). In con- 
trast. VSV proteins accumulated normally during the su- 
perinfection of cells infected with SeV" for 4ah (lanes 3 
& 4, fig 2E}. Thus, infection of 8F cells with SeV^^c jp,. 
duces an anti-VSV state (after 24-48h, data not shown), 
whereas infection with SeV^ does not induce this state, 
even at 72 hpi (data not shown). In all the experiments 
reported here, the appearance of normal levels of VSV 
P protein on superinfection correlated with strong cyto- 
pathic effects and cell death, whereas the absence of 
VSV P protein correlated with the absence of CPE and 
cell survival. 

Exemple 3 : SeVM infection, but not that of SeVMvc^ 
interferes with the IFN-mediated induction of an 
anti-viral state 

[0053] The absence of an anti-VSV state following 
SeV*^ infection could be because SeV^ avoids trigger- 
ing the IFN system. Altematively, SeV^ infection may 
interfere with the establishment of an anti-viral state, 
even though it does not suppress the anti-VSV state in- 
duced by 24h of IFN preireatment (lanes 5 & S. fig. 2E), 
BF cultures were therefore treated with IFN at the same 
time as they were infected, so that the IFN-mediated in- 
duction of the anti-viral state would take place concom- 
itantly with the SeV infection, and not have a 24h head- 
start as in fig. 2. These cultures were then superinfected 
with VSV at 50h post-SeV infection, and the accumula- 
tion of VSV (and SeV) proteins was determined by im- 
munobloning at 55 hpi. The intracellular levels of the 91 
kO Statia and S4 kO Statip proteins in these extracts 
were also determined by immunoblotttng. Slati is a key 
component of the signaling cascade which ensues ac- 
tivation of the IFN receptor (6.9,26), and its elevated ex- 
pression leads to programmed cell death (PCD), anoth- 
er cellular response to virus infection (3.20.29). 
(0054] As shown in fig 3. 50h of infection with SeV^ 
(lanes 7.3) did not prevent the VSV P protein from ac- 
cumulating normally (lane 3) on VSV superinfection, nor 
did it increase Stati levels over background. This infec- 
tion, moreover, totally prevented IFN from inducing an 
anti-VSV state, as judged by the normal intracellular ac- 



cumulation of the VSV P protein. In contrast, 50h of in- 
fection with SeVMVC (lanes 9.10) strongly induced an 
anti-VSV state even in the absence of IFN treatment, 
and very dramatically increased Slati levels (up to 
s 100-fold). SeVM infection thus appears to interfere with 
the establishment of an IFN-mediated anti-viral state, as 
well as the elevated expression of Stall. 

Example 4 : the role of the C protein 

to 

[0055] SeVM and SeVMVc differ by two aa substitu- 
tions. Cf='7os and L^sosoa (fjg i, examine the role 
of the C gene mutation in suppressing the ability of 
SeV" to interfere with the establishment of an IFN-me- 
diated anti-viral state, we examined the infection of BF 
cells with rSeVZ-CM and rSeV2-cMVC, jhese are chi- 
meric viruses in which the resident C gene of Se V^ (and 
the overlapping portion of the P gene) were replaced 
with that of SeVM seV^vc {the p genes of strains 

20 M and 2 are 85% identical). rSe V^-c^ and rSeV^-CWVc 
thus differ only by the C^'^os mutation. rSeV^-C^. in 
which the C gene was exchanged with itself as a cloning 
control (12), served as the wild-type rSeVZ As shown 
in fig 3. rSeVZ (lanes 5,6) and rSeV^C^ (lanes 11.12) 

2S behaved similarly to wild-type SeV^ (lanes 7.3). Fifty 
hours of these infections did not prevent the VSV P pro- 
tain from accumulating normally on VSV superinfection, 
nor did it increase Stati levels over background. These 
infections also prevented IFN from inducing an anti-VSV 

30 state. In contrast. 50h of infection with rSeV^-CMvc 
(lanes 13,14) strongly induced an anti-VSV state even 
in the absence of IFN treatment, but ted to only a very 
modest increase in Slati levels over background (lane 
13). This slight increase, however, is superior to that in- 

•35 duced with IFN alone (lane 2). and IFN treatment plus 
rSeV^-CMvc infection appeared to act synergistically on 
Stati levels (lane 14). Thus, viojses that contain a wild 
type C gene (SeV^^ rSeV^-C^. or ^Sey^-C^ all C^^'^°) 
appear to interfere efficiently with the establishment of 

■^0 an IFN-mediated ami -viral state, in contrast to those with 
a mutant C gene (SeV^vc rSeV^-C^vc^ ^oth CSi70) 
The C proteins thus appear to be important in detennin- 
ing whether SeV infection will induce an anti-viral state. 

-^S Exemple 5 : The AUG"^-initlated C protein is 
specifically required to counteract IFN 

[0056] The SeV C proteins are expressed as a nested 
set of four proteins (CP"'"*. C, Yl . and Y2) initiated at 

^0 different start codons by a variety of ribosomal gymnas- 
tics, including the use of non-AUG codons. leaky scan- 
ning, and shunting (5.23). We have previously de- 
scribed rSeV which selectively do not express either 
their CP""'« . C. or Cprime and C proteins (double mu- 

35 tani, dm), due to mutation of their respective start co- 
dons. The phenoiypes of the CP^'^^-minus and C-minus 
viruses were similar. They grew slightly less well than 
wt virus in eggs, and their infections of SHK cells over- 
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accumulated viral macromolecules, consistent with the 
ability of either CP'™*' or C (but not Y1 and Y2) to inhibit 
viral HNA synthesis (4). In spite of these similar pheno- 
types in eggs and cell culture. CP"'"«-mlnus was as vir- 
ulent as rSeV^ for mice, whereas C -minus was aviru- 
lent. The double mutant, which in contrast to the single 
mutants was relatively non-cyiopathic in cell culture 
(and displayed a small plaque phenotype). was also 
aviruleni at the highest doses tested (22). 
[0057] Fig. 4 shows the effect of infection with rSeV 
which do not selectively express their cp"™' or C pro- 
teins on Slati levels and subsequent VSV superinfec- 
tion, in.comparison to rSeV^-C^ and rSeV^-C"^^. Only 
CP"^«-minus behaved like its wt control (rSeV^XIanes 
1 & 2). Fifty hours of CP"™«-minus infection (lanes 9 & 
10) did not induce an anti-VSV state (lane 9), and more- 
over prevented the effects of I FN treatment as well (lane 
10), and the levels of Stan proteins were not elevated 
over background (lanes 9 & 10). C-minus infection 
{lanes 7 A 3). in contrast, and the double mutant (dm) 
infection (lanes 11 & 12) to an even greater extent, did 
(at least partially) induce an anti-VSV state, and signif- 
icantly elevated Slati levels over background. Thus, the 
AUG"^-(nitiated C protein (but not C, Y1 . or Y2) is pref- 
erentially required to prevent SeV infection from induc- 
ing the IFN system in cell culture, consistent with its spe- 
cific requirement for sustained viral replication in the 
mouse respiratory tract (22). 

Exemple 6 : Suppression o1 the IFN-mediated anti- 
VSV state is dominant 

[0058] Although SeVMVc grows ca. 20-fold better than 
SeVM in MK2 ceils, this virus actually grows ca 5-foId 
less well than SeV^ in eggs (as well as in BF cells), and 
these relative replication efficiencies also apply to rSe- 
VZ-cMvc vs rSeV2-CM. All our rSe V arc isolated in hens 
eggs, and generally stocks at the 2nd or 3rd passage 
level (p2 or p3) are used to infect cell cultures. Six rSe- 
VZ-c^^vc stocks were originally isolated from ON A inde- 
pendently, and all behaved as shown (fig. 3) and grew 
relatively poorly in eggs. On funher passage, however, 
soma rSe vZ-C^vc stocks clearly grew better (5-1 0 fold) 
than others. As the F170S mutation apparently confers 
reduced growth in eggs (and the loss of an Xmn I site), 
the relevant region of the viral genomes in two stocks 
which grew well (p4fWVC-1l8 and p5MVC-1.3) and two 
which grew poorly {p4MVC-119 and p3MVC-9.9) was 
amplified and examined (fig. 5). At the same lime. BF 
cells were infected with the same stocks and superin- 
f ected with VSV at 48hpi as before, to determine wheth- 
er infection with these stocks continued to induce an an- 
ti-VSV Slate. 

[0059] As shown in fig. 5. the two stocks thai contin- 
ued to grow poorly (lanes 3.4) contained genomes in 
which the Xmn I site remained absent (ser at position 
170). and 48h of infection with these stocks continued 
to strongly prevent subsequent VSV growth. In contrast. 



the two stocks that grew well (lanes 2,7); aj contained 
genomes which had regained the Xmn I site and had 
therefore reverted to phe at position 170. as well as 
those in which this site was absent (170S), and b) these 

5 stocks had lost the ability to prevent VSV growth. like 
rSeV^-CM (lane S). Influenza viruses that cannot ex- 
press their NSi protein grow poorly in eggs because 
they are more sensitive to the egg's developing IFN sys- 
tem (10). If SeV were also sensitive lo the egg's IFN 
system, there would be pressure to select for mutants 
with restored ability to suppress IFN action. As the 
S170F reversion requires only the single back-transi- 
tion, it would be expected to be present after several 
passages in eggs. 

'5 [0060] The infections in fig 5 were carried out at 10-20 
pfu/cell, and cultures infected with p4MVC-n8 or 
pSMVC-l.a would thus be co-infected with a mix of rSe- 
VZ-CMVC and the revertant rSeV^-CM. in both these 
mixed infections (and other reconstituted mixed infec- 

?o tions, not shown), the phenotype of the revertant rSeV^- 
C*^ was dominant over rSeV^-C^^^ and the anti-viral 
state was not induced (i.e., VSV replication was not pre- 
vented by the rSeV2-CMVc co-infection). The dominant 
nature of the suppression of the IFN-mediated anti-VSV 

?5 state in mixed infections is consistent with this suppres- 
sion being an active process. 

[0061] To sustain its infection of the mouse respiratory 
tract. SeV must avoid or counteract the innate immune 
response of its animal host, which includes natural killer 

?o cells, the IFN system, and programmed cell death 
(PCO). The most virulent virus strains, like SeV*^. must 
be extremely efficient at these countermeasures, as 
they require only ca 40 pfu to kill half the mice inoculat- 
ed intranasally. SeV^vc a mutant of SeV^ with only two 

^ aa substitutions (one in the C gene and the other in the 
catalytic subunit of the viral polymerise (L)), however, 
appears to be virtually defenseless against the innate 
immune system of the mouse, as lung titers increase 
only during the. first day of infection, and virus is then 

o quickly cleared (16). Moreover, similar results were 
found for mice infected with rSeVZ-C^vc g chimeric Z 
strain virus containing the mutant SeV^^c q gene, or 
rSeV2-[C-minus|, that contains a wild-type C gene but 
does not express the AUG"**-initiated C protein. The 

5 SeV C gene thus plays a critical role in infections of its 
animal host, presumably by counteracting innate immu- 
nity. 

[0062] Itoh et al (1 7) have recently found that SeV" 
infections do not induce PCO either in iV1K2 cells or the 

o mouse respiratory tract, whereas SeV^vc infections are 
highly apoptogenic in both cases. The present work has 
found that SeV" infection interferes with the IFN-medi- 
ated induction of an anti-viral state, in strong contrast to 
SqVMvc It is possible that SeV" infections counteract 

s the induction of PCD and the anti-viral effects of IFN by 
separate pathways, but it is more likely that these effects 
are linked. Cells from mice lacking PKR (35) or the 2-5A- 
depenoent RNase L ( 37) show defects in PCD. suggest- 
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ing a role for these enzymes in virus-induced, IFM-me- 
diated PCD. Funhermore. several viruses have recently 
been found to induce PCD via activation of the I FN sys- 
tem (31). The Stati proteins themselves also induce 
genes involved in PCD (3,20.29). and SeV*^vc infection 5 
may be highly apopiogenic because it induces high lev- 
els of Stati . 

[0063] The molecular basis of the anti-viral response 
to IFN is not fully understood. More than SO genes are 
induced by IFN-(x/P(. but only a few of these gene prod- io 
ucts display intrinsic anti-viral activity, namely. p6a pro- 
tein kinase (PKR) and 2-5A oligoadenylate synthetase 
(both dependent on ds-RNA for activity. 1 8), cenain tVIx 
family proteins (reviewed in 30). and most recently, the 
promyleocytic leukemia (PML) protein (2). While IFN- is 
treated cells are resistant to many different viruses, in- 
dividual over-expression of these intrinsically anti-viraJ 
proteins confers resistance only against some viruses. 
Thus, over-expression of PKR or 2-5A synthetase con- 
fers resistance to the picornavirus EMCV but not to the 20 
rhabdovirus VSV, whereas over-expression of human 
MxA or PML proteins confers resistance to VSV but not 
to EMCV (2). The enormous selective pressures im- 
posed by viojses have resulted in a rich and diverse set 
of anti-viral pathways, and the anti-viral state induced 2S 
via the IFN system is thus suitably complex. Wo have 
used two criteria, the ability of VSV to replicate following 
a period of SeV infection, and the intracellular levels of 
the Stan proteins, as indicators of this cellular anti-viral 
state. We have found that two different mutations in the 30 
C gent, the F170S substitution, and the specific loss of 
AUG"*-initiated C protein (although CP^mo jg normally 
expressed and the Yl A'2 proteins are over-expressed), 
largely eliminate the ability of the mutant infections to 
prevent the IFN-mediated anti-viral state. The SeV C 35 
gene thus plays a critical role in this process. The 
E2050A mutation in the L. gene of SeV^vc gig^ appears 
to be involved In the attenuation of this virus, as the phe- 
notype of SeV^vc consistently stronger than that of 
rSeV^-cMVC^ especially in preventing the elevation of -to 
Stati proteins, thereby eliminating one pathway to the 
induction of PCD. 

[0064] Didock a/ af (8a) have recently reported that 
SeV strain H (SeV^. which Is very similar to SeV^) cir- 
cumvents the IFN response, and does so by interfering •*5 
with the transcriptional activation of IFN-responsive 
genes. This study used only wild-type SeVH. and anoth- 
er paramyxovirus. SV5. However, it directly examined 
IFN signaling in BF cells, using transient transfection of 
plasmids in which a lucif erase reporter gene was placed so 
under the control of an IFN-a/p -responsive promoter 
(or an IFN-{3 promoter), followed by virus infection. The 
iFN-o/p-responsive promoter was found to be strongly 
activated both in mock- and SVS-infectecl ceils treated 
with IFN, whereas little or no activation of this promoter ss 
was observed in SeV-infected cells. In contrast. SeV 
was a stronger inducer of the iFN-p promoter than SVS. 
These authors concluded that the failure of Se V^-infect- 



ed ceils, to respond to the substantial levels of IFN-ot/fi 
they produce was due to the effectiveness of the SeV"- 
induced block. SeV^ and SeV^vc infections of human 
peripheral blood mononuclear ceils (PBMCs) are found 
to produce equivalent (and substantial) amounts of IFN- 
a (3395 I.U./ml (or M. and 3776 I.U./ml for ,VIVC (D. 
Hober, Lille, personal communication)). Thus, all these 
wild-type SeV (strains M. Z. and H) presumably coun- 
teract the iFN-induced anti-viral slate by interfenng with 
the activation of IFN stimulated genes. 
[0065] The dominant nature of rSeVZ-C^ versus rSe- 
V2-CMVC in co-infections of eggs (fig. 5. and BF cells, 
data not shown) suggests that the C gene actively inter- 
feres with the induction of the anti-viral state rather than 
simply avoiding the induction, although it might do this 
as well. We have not as yet examined whether the C 
gene products can act in BF cells independent of viais 
infection. The C proteins might vyell interact with directly 
(and suppress) some component of the signaling path- 
way leading to an anti-viral slate, as many viruses are 
known to subvert the IFN system by a wide variety of 
mechanisms (30). The apparently enhancing effect of 
the polymerase LE2050A mutation in viruses with 
CP'70s (se VMvc), however, suggests that the C proteins 
act as well via viral RNA synthesis. C is well placed to 
do this. The linear paramyxoviais genomes and antige- 
nomes contain promoters for ANA synthesis at their 3* 
ends. The C protein acts as all inhibitor of viral RNA syn- 
thesis in a promoter specific fashion (1.32). i.e.. it pre- 
dominantly inhibits antigenome and mRNA synthesis 
from the genomic promoter. This inhibition depends on 
the relative ratio of C protein to genomes, -A/hich increas- 
es dramatically during the early stages of infection, as 
C is essentially a non -structural protein. 
[0066] The SeV V protein is also known to affect viral 
RNA synthesis (3a). However, in contrast to rSeV-[C- 
minus), infection of BF ceils with two different rSeV 
which cannot edit their P gene mRNA and do not ex- 
press V ((6 A (7) and A5G3 (1 3a)] was similar to that of 
wild-lype vinjs. These rSeV-(edit-minus| infections did 
not induce an anti-VSV state, and they continued to pre- 
vent IFN (added concomitant with the infection) from in- 
ducing an anti-VSV state (data not shown). The SeV V 
protein therefore does not appear to be important in 
counteracting IFN action, although it is also thought to 
function in counteracting some aspect of innate immu- 
nity (1 9). The SeV C and V proteins have been referred 
to as •accessory* proteins, in the sense that they arc not 
expressed by all paramyxoviruses. For example, human 
parainfluenza virus type 1, the virus closest to SeV and 
a very successful parasite of children, does not contain 
a V ORF at all (25). and rubulaviruses (except (or New- 
castle disease virus) do not contain a C ORF The over- 
lapping C and V ORFs appear to have been added to 
the P ORF as a late event of virus evolution, possibly to 
adapt these viruses to a particular ecological niche, e. 
g., the mouse respiratory tract. The V gene clearly fits 
this description, providing a "tuxur/' function (19). as 
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rSeV which do not express V are pertactly competent 
for growth in cell culture or eggs, and are only debilitated 
for growth in the mouse respiratory tract (7.9.19). 
[0067] The C gene is more complex than the V gene. 
There are four independently initiated C proteins, and s 
the phenotypes of viruses in which C?"™« and C have 
been specifically ablated suggests that the various C 
proteins must, at least in pan, have non -overlap ping 
functions. While rSeV which cannot individually express 
CPrima or C grow well in (IFN-incompetent) 8HK cells /o 
and accumulate viral macromolecules more rapidly than 
wild-type virus, the double mutant {which cannot ex- 
press either CP""** or C) grows poorly in 8HK cells, and 
accumulates viral macromolecules with delayed kinet- 
ics relative to wild-type virus. CP"™® and C (but not Y1 ts 
or Y2) may provide a common function that accelerates 
the accumulation of viral products intracellularly, so that 
only the double mutant shows the loss of function phe- 
notype (22). CP"™' and C also appear to have non-over- 
lapping functions, because although C or Y1 A'2 can re- 20 
place CP""** for virulence in mice. Cp""» or Y1/Y2 can- 
not replace C for this property (22). Y1 and Y2 presum- 
ably also play a role in intracellular virus replication, as 
rSeV which cannot express any of their C proteins have 
not been isolated (22). and those which at best express 2S 
only some Y2 protein are at the limit of recovery from 
DNA (21 .23). Unlike the V gene, the SeV C gene clearly 
plays an essential role in intracellular virus replication, 
even in the protected environment of defenseless cells 
in culture. What may have started out as a luxury func- 30 
tion could have evolved to carry out essential functions 
in virus replication. Multiple C protein expression may 
then have evolved to better regulate their function. 
[0068] The inventors have studied the relationship be- 
tween the Sendai virus (SeV) C proteins (a nested set J5 
of four proteins initiated at different start codons) and 
the interferon-mediaied antiviral response in IFN-com- 
petent cells in culture. SeV containing wild-type or var- 
ious mutant C proteins were examined for a) their ability 
to induce an antiviral state (i.e.. to prevent the growth of 
VSV following a period of SeV infection), b) to induce 
the elevation of Stati protein levels, and c) to prevent 
I FN added concomitant with the SeV infection from in- 
ducing an antiviral state. The inventors find that expres- 
sion of the wild-type C gene, and specifically the -^s 
AUG "^-initiated C protein, prevents the establishment 
of an antiviral state, i.e. . cells infected with wild-type SeV 
exhibited little or no increase in Stall levels, and were 
permissive for VSV replication, even in the presence of 
exogenous IFN. In contrast, in cells infected with SeV 50 
lacking the AUG"'»-initiated C protein, or containing a 
single amino acid substitution in the C protein, the level 
of Stati increased and VSV replication was inhibited. 
The prevention of the cellular IFN-mediaied antiviral re- 
sponse appears to be a key determinant of SeV paiho- ss 
genicity. 
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Claims 

1. Method for selecting anenuated virus wherein the 
genome oi said virus contains at least one mutation 
compared to a wild type virus genome in at least JS 
one non-structural protein encoding gene, said 
method comprising the steps of : 

infecting a eukaryotic host cell with said mutat- 
ed virus, said host call being permissive to said so 
virus ; 

determining the host cell anti-viral response 
mediated by interferon to the viral infection ; 
selecting said virus that induce said interferon 
mediated response that is higher than the inter- 2S 
feron-mediated anti-viral response developed 
by a host call infected by said wild-type virus. 

2. Method for selecting attenuated virus wherein the 
genome of said virus contains at least one mutation 30 
compared to the wild type virus in at least one non- 
structural protein encoding gene, said method com- 
prising the steps of : 

transfecting an eukaryotic host cell with said 3S 
genome, said host cell having all the elements 
required to replicate and transcribe the mutated 
genome and to facultatively regenerate viral 
particles : 

determining the host cell antiviral response me- <«? 
diated by interferon; 

selecting said virus whose genome induce said 
antiviral response that is higher than the tnter- 
feron-mediaied antiviral response devekaped 
by a wild-type virus genome. 4S 

3. Method for selecting a nucleic acid sequence en- 
coding for a mutated non -structural protein of a vi- 
rus, wherein sakj protein is conferring to the virus 

an attenuated phenotype. sakJ method comprising so 
the steps of : 

transfecting a host cell with said nucleic acid 
sequence, said host cell having all the elements 
required to express said non-structural protein ; 53 
measuring the host call interferon mediated re- 
sponse; 

selecting said nucleic acid sequence that in- 



duce said response that is higher than the in- 
terferon mediated response of a host cell trans- 
fected with a wild-type nucleic acid sequence 
coding the non-structural protein. 

4. Method according to any one of claims 1 to 3 where- 
in said vinjs belongs to the group of negative single 
strand RNA enveloped virus. 

5. Method according to claim 4 wherein said negative 
single strand RNA enveloped virus is selected in the 
group consisting of Paramyxoviridae. Orthomyxo- 
viridac. Rhabdoviridae. Bunyaviridae. Arepaviri- 
dae. 

6. Method according to claim 5 wherein said Para- 
myxoviridae is selected in the group consisting of 
Newcastle disease virus, measles virus, mumps vi- 
rus, human respiratory syncitial virus (hRSV), bo- 
vine respiratory syncytial virus (bRSV), human 
para -influenza virus types 1 . 2. 3, 4a and 4b (h-PI V), 
bovine para-influenza virus type 3 (b-PIV), hendra 
virus, canine distemper virus, rinderpest virus, sim- 
ian virus 5, Sendaif virus*^ 

7. Method according to claims 1 to 6 wherein said 
gene or said nucleic acid sequence are selected in 
the group consisting of paramyxovirus protein C 
and C encoding genes, morbilivtrus C gene, rubu- 
lavirus NS genes, pneumovirus NS genes, W gene 
of Newcastle disease virus. 

8. Method according to claim 7 wherein said para- 
myxovirus protein C encoding gene is selected in 
the group consisting of human para-influenza virus 
type 1 C genes, human para-influenza virus typo 3 
C genes, measles virus C gene, canine distemper 
virus C gene, rinderpest virus C gene, hendra virus 
C genes. Sendai' virus C genes. 

9. Method according to claim 7 wherein said para- 
myxovirus NS gene is selected in the group consist- 
ing of human respiratory syncytial virus NSl gene, 
bovine respiratory syncytial virus NSl gene, 
mumps virus NS2 gene, simian virus 5 NS2 gene, 
human para-influenza type 2 NS2 gene, human 
para-influenza type 4a NS2 gene, human para-in- 
fluenza type 4b NS2 gene, human respiratory syn- 
cytial virus NS2 gene, bovine respiratory syncytial 
virus NS2 gene. 

10. Method according to any one of claims i to 9 where- 
in said mutation into said gene or said nucleic acid 
sequence is a substitution, a deletion or an addition. 

11. Method according to claim 10 wherein said muta- 
tion introduces at least one amino-acid change in 
the npn-struciural protein. 
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12. Method according to claims 10 and 11 wherein said 
muiaiion into the viral genome is selected In a group 
consisting of naturally occurring mutation, geneti- 
cally engineered mutation, chemically induced mu- 
tation, physically induced mutation. 

13, Method according to any one of claims 1 to 12 
wherein the host cell response mediated by inter- 
feron is determined by at least one of the following 
means 

(a) measure of the level of transcription of a 
gene, the transcription of which is inducible by 
interferon ; 

(b) measure of expression of a protein, the ex- 
pression of which is inducible by interferon ; 

(c) measure of the viral proliferation. 

14- Method according to claim 13 wherein said gene is 
composed of : 

a promoter containing at least one functional in- 
terferon stimulated response element (IRSE), 
said promoter being selected in the group con- 
sisting of the genes involved in interferon signal 
transduction pathway, more particularly the 
IFN-tnducible gene 9-27 ; 
a coding sequence selected in a group consist- 
ing of a coding sequence naturally under the 
control of a promoter according to a) and a se- 
quence encoding for reponer gene; 

and wherein said promoter is operably linked to said 
coding sequence. 

15. Method according to claim 1 4 wherein said reporter 
gene is selected in the group consisting of genes 
coding for enzymes such as luctferase. p-galactos- 
idase. alkaline phosphatase and genes coding for 
luminescent proteins such as the green fluorescent 
protein (GFP). 

16. Method according to any one of claims 1 to 15 
wherein the host cell is selected in a group consist- 
ing of : 

(i) a cell that is part of a living animal ; 

(ii) a eukaryotic cell that is cultured in vitro, 

17. Method according to claim 16 wherein said living 
animal is a rodent, more panicularty a mouse. 

18. Method according to claim 16 wherein said in vitro 
cultured cell is selected in the group consisting of : 

(i) a murine cell, panicularly 8F cells 

(ii) a human call, particularly MRC5 cells. 



19. Method according to anyone of claims 1 to 1Q 
wherein interferon is further added to the culture 
medium of host calls. 

5 20. Method according to claims 3 wherein, said nucleic 
acid sequence is cloned into a recombinant expres- 
sion vector that contains all the elements required 
for the expression of said non-structural protein. 

10 21. Method according to claim 20 wherein said vector 
is a pTM-1 vector that carries T7 polymerase pro- 
moter and an encephalomyocarditis virus internal 
ribosomal entry site (EMCV IRES). 

'5 22. Kit for determining the host cell response mediated 
by interferon comprising at least a nucleic acid con- 
struct containing 

a promoter sequence containing at least one 
'° functional interferon stimulated response ele- 

ment (IRSE), said promoter being selected in 
the group consisting of the genes involved in 
interferon signal transduction pathway, more 
particularly the IFN-inducible gene 9-27 ; 
. a coding sequence selected from a group con- 
sisting of a coding sequ enca naturally under the 
control of a promoter according to a) and a se- 
quence encoding for a reporter gene; 

w 23. Kit according to claim 22 further comprising a host 
cell selected in the group consisting of a murine cell, 
particularly BF cells, and a human cell, particularly 
MRC5 cells. 

24. Method to identify a mutation able to confer an at- 
tenuated phenotype to a virus wherein said method 
is comprising the following steps: 

a) sequencing said gene encoding said non- 
^ structural protein of an attenuated virus select- 
ed by the method according to claims l . 2 and 
4 to 19, or sequencing said nucleic acid se- 
quence encoding for a mutated non-structural 
protein selected by the method according to 

^ claim 3. 

b) comparing the sequence of a wild type virus 
to the sequence obtained in a); 

c) identifying the mutation or the mutations. 

0 25. Method for the production of an attenuated virus 
comprising the step of introducing in the genome of 
a virus at least one mutation identified by the meth- 
od according lo claim 24. 

5 26- Attenuated virus obtainable by the method accord- 
ing to the claims t. 2. 4 to 19 and 25. 

27. Use of an anenuated virus according to claim 26 as 
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a drug. 

28. Use of an anenuated virus according to claim 27 as 
a v/accine for the prophylactic and/or therapeutic 
treatment of viral infection. s 

29. Use of an attenuated virus according to claim 26 as 
a delivering vehicle for gene therapy. 

30. Use of an attenuated virus according to claim 26 as w 
a delivering vehicle for genes encoding proteins of 
vaccine interest other than those of the virus itself, 
particularly to generate bivalent or muftivalem vac- 
cines to treat or prevent human or veterinary dis- 
eases caused by infectious pathogens, specifically ts 
viruses, bacteria and parasites. 

31 . Use of an attenuated virus according to claim 26 as 
a delivering vehicle for genes encoding proteins of 
vaccine interest other than (hose of the virus itself, so 
particularly to generate vaccines to treat or prevent 
human or veterinary non-infectious diseases* spe- 
cifically cancer and auto-immune diseases. 

32. Nucleic acid sequence obtainable by the method ss 
according to the claims 3. 20 and 21. 

33. Use of a nucleic acid sequence according to claim 
32 to produce an attenuated virus. 

ao 

34. Non-structural protein encoded by the nucleic acid 
sequence of claim 32. 
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